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FAILURE MODES EFFECTS ANALYSIS {FMEA) —— CRITICAL HARDWARE
NUMBER: 03-3-46Q1-X

SUBSYSTEM WAME: GRBITAL MANFUVERING SYSTEM (OM=)
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PART NAME PART NUMBER
VENGOR NAME VENDOR NUMBER
R FLEX JOINT. PROPELLANT LINE 1186408
AEROJET/RESISTO FLEX SAME
T PART DATA 77
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EXTEMDED DESCRIPTION OF PART UNDER ANALYSIS:
FLEX JOINT, PROPELLANT LINE, ENGINE GIMBAL CONNECTOR,

QUANTITY OF LIKE ITEMS: 17
3 FUEL AND 3 OXYGEN FOR EACH INLET LINE/RER POD

FUNCTION;

A FOUR-PLY STAINLESS STEEL BALL-STRUT TYPE-[NTERMALLY CONSTRA[NED
. BELLOWS IS PROVIDED TO ACCOMMODATE ENGINE MOVEMENT ASSOCTATED WITH

GIMBALLING FOR THRUST VECTOR CONTROL. UNIT IS LOCATED UPSTREAM OF

8I-PROP VALVE. CONVOLUTES ARE CRES 321 AMD THE STRUT IS INCONEL 718.
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REVISIONS 2 04/10/90

SUBSYSTEM: GREITAL MANEUVERING SYSTEM {TM3)
LRU :FLEX JOINT, PROPELLANT LiNE CRITICALITY OF THIS
[TEM NAME: FLEX JOINT, PROPELLANT LINE FATLURE WODE:1/1
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FAILURE MODE:
STRUCTURE FAILURE, RUPTURE, EXTERNAL LEAKAGE,

MISSTON PHASE:

PL PRELAUNCH
Lo - LIFT-OFF
0g OM-OREIT
00 DE-OREIT
L3 LANDING 3AFING

102 DISCOVERY
104  ATLANTI:

VEMICLE /PAYLOAD/KIT EFFECTIVITY: 102  COLUMBTA

CAUSE

EXCESS GIMBALLING TCRQUE DUE TO GALLING, WELD DEFECT, CORROSION,
PROPELLANT BY-PRODUCT EXPOSURE, INSTALLATION BAMAGE, PRESSURE SURGE,
FLOW INDUCED GR FLIGHT YVIBRATION,

CRITICALITY 171 DURING TNTACT ABORT ONLY? NO
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REDUNDANCY SCREEN A} N/A

B} N/A
C} N/A
PASS/FAIL RATIONALE: o
A)
.E]
-€)

T R R R S N L S N N N NS L LN NN ML MR NN L SN M Y i M e ply A erh ey v S W N W

T L L S L S L o N B A N S A M . L e ik ek N N N W N W N N N M N N N W

{A) SUBSYSTEM:
SUBSYSTEM DEGRADATIOH. FROPELLANT LOSS MAY PROHIBIT DEQREIT.

: (B) INTERFACING SUBSYSTEM(S):
DEGRADATION OF INTERFACE SUBSYSTEM - DECREASED DELTA V CAPABILITY,
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INARILITY TO USE PRGRELLANT I[N AFFECTED POO. EXCESSIVE C.G. QFF3ET.
AFT RCS, DMS ENGINE, VE4ICLE STRUCTURE OR CURROSION GAMAGE.

(C) MISSIOM:
FOSSIBLE EARLY MISSION TERMINATIIN. 4&BGRT JECISION.

{0} CREW, VEHICLE, AMD ELEMENT{S):
POSSIBLE LOSS DOF CREW/VEHICLE IF LEAK RESULTS IN EXCESSIVE C. G,
OFFSET, LOSS OF PROPELLANT OR fiRE ~ITHIN POD,

(E) FUNCTIOMAL CRITICALITY EFFECTS:
HONE
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(A) DESIGN:
PROPELLANT COMPATIBLE MATERIALS ARE USED. FACTOR 0F SAFETY IS 1.5,
MULTI-PLY BELLOWS WITH [NTERMAL CONSTRAINT &R UTILIZEJ. FLOW INDUCED
VIBRATION AND STRESS ANALYSIS WERE CONOUCTED TO VERIFY ACCEPTABLE

. DESIGN. PROTECTIVE COVERS ARE INSTALLED OVER BELLOWS DURING ENGINE
INSTALLATION OR WHEMEYER AREA [S OPEM FOR MAINTENANCE.

a (B) TEST:
QUALIFICATION TESTS
RANDOM YIERATION AT ENGINE LEVEL, ENUURANCE PRESSURE CYCLING (2400
CYCLES) , ENDURANCE GIMBALLING CYCLES (90,000 CYCLES), BURST (825
PSI). BELLOWS WELDS ARE RAQICGRAPHICALLY AND OYE PENETRANT [NSPECTED
FOLLOWING INSTALLATION. LINE ASSEMBLY INCLUDING BELLOWS IS SUBJECTED
TO PROOF PRESSURE & LEAK TEST. USED ON ENGINE AND POD QUAL TEST
ARTICLES. ENGINE QUAL PROGRAM - 138 FIRINGS AT EMGINE LEVEL. POD QUAL
- 517 FIRINGS AT POD LEVEL. :

ACCEPTANCE TESTS
ATP TESTS INCLUDE EXAMINATION OF FROOUCT, WELD INSPECTION, PROQF
PRESSURE, LERKAGE, PRESSURE OROP, AND FUNCTIONAL TESTS.

GROUND TURNAROUND
V42BED. 130 REQUIRES CONTINUOUS INTERNAL POD PURGE TO LIMIT CORROSICHM
- FROM MINOR PROPELLANT LEAKAGE.
V43CB0.210 PERFORMS FIRST FLIGHT LEAK CHECKS.
‘ VAICBO.240 TOXIC VAPUR LEAK OF PROP. FEED SYSTEM 1ST FLIGHT AND
- CONTINGENCY .
V43CED. 030 -FERFORMS DETAILED VISUAL INSPECTION OF FLUID SYSTEM,
_ EFFECTIVITY WHENEVER POQ 1S REMOVED, NOT TO EXCEED 5 FLIGHT
P INTERVAL.
| V43CED.120 REQUIRES SAMPLING OF STATIL AIR IN VARIOUS POD INTERHAL
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COMPARTMENTS FOR DETECTION OF MINOR PROPELLANT LEAKAGE
THE SECOND FLIGHT AND EVERY FLIGHT THEREAFTER.

WHEM POD 1S INSTALLED ON ORBITER POD PURGE REQUIREMENTS ARE OEFTIMED IN
VOSAGE, 010 (0LF), VOSAGO.020(CPF), vOSAG0.CI0{VAG), AND
Y¥0SAGD, CAC (PARD ).

PROPELLANT TANK PRESSURE AND TEMPERATURE ARE MONITORED EACH FLIGHT FCR
EVIDENCE GF LEAKAGE.

{C) INSPECT[ON:
RECEIVING [NSPECTICON
MATERIALS AND PROCESSES CERTLFICATIONS ARE VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

CONNECTOR 1S CLEANED TO ALRC SPECIFICATION. CLEANLINESS T9 LEVEL 200
FOR MMH AND 200A FOR NTO AND CORRGSION PROTECTION PROVISIONS ARE
VERIFIED BY THSPECTION.

ASSEMBLY/INSTALLATION

MANUFACTURING, ASSEMBLY AND (NSTALLATION PROCEDURES ARE VERIFIED BY
INSPECTION. CRITICAL DIMENSLONS AMD SURFACE FINLSHES ARE VERIFIED 3Y
INSPECTION. VISHAL AND DIMENSIONAL INSPECTION OF COMPLETER ASSEMBLY S
VERIFIED BY INSPECTION,

NOKDESTRUCTIVE EVALUATION

PENETRANT AND RADIOGRAPHIC INSPECTION OF WELDS ARE VERIFIED BY
INSPECTION. RADIOGRAPHIC INSPECTION OF CONCENTRIC WELDED SLEEWES ARE
VERIFIED BY INSPECTION.

CRITICAL PROCESSES

THE WELDING PROCESS AND VERIFICATION THAT WELDS MEET SPECIFICATION
REQUIREMENTS ARE VERIFIED BY INSPECTION. _
TESTING

TEST EQUIPMENT AND TOOL CALIERATION ARE VERIFIED EBY INSPECTION.
ACCEPTANCE TEST IS VERIFIED BY INSPECTION.

HANDLING /PACKAGING
HANDLING, PACKAGING, STORAGE AND SHIPPING REQUIREMENTS ARE YERIFLED BY
INSPECTION.

(D) FAILURE HISTORY:
NONE, =

- {E) OPERATIOMAL USE:
USE PERIGEE ADJUST BURN TG DEFLETE PROPELLANT FROM LEAKING POD {OUT OF
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PLANE COMPONENT [F NECESSARY) AND REOUCE CELTA W REQUIREMENT FOR
DEDREIT. AFTER LEAKED PRCPELLANT HAS OISPERSEC, FERFCRM OECREIT SURM
WiTH GEDD POG. (LEAKAGE IS ISOLATABLE By USE CF TANK ISCLATION
YALVESE,
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RELIABILITY ENGINEERING: 3. N, HART
OESIGN ENGINEERING : ¥, F. ROZNODS
QUALITY ENGINEERING : 0, J. BUTTHER
WASA RELTABILITY
MASA SUBSYSTEM MAMAGER :
MASA QUALITY ASSURANCE




